The bottleneck networks of the vehicular traffic flow required the clear understanding and the insights of congestion factors, determines the time and location of traffic breakdown. The congestion propagates through the network caused by the numbers of vehicles continuously growing. There have been lots of research studies to resolve the issues. Simulation and modelling to the related issues seem significance to the operational research specifically the traffic flow dynamic for the design, analysis and the management. Hence, this work focused on a simulation model for the vehicular traffic flow in order to reduce the traffic congestion for a smooth and low-density traffic flow system. Three scenarios from a traffic flow system based on queuing environment which is current traffic flow system as S1, the newly proposed models as S2 and S3 have been suggested to improve the traffic flow of the intersection. The method of comparing the performance of simulation results and difficulties, alternative road, the predictive strategy as decision support model with the potential alternative road has been identified with developing traffic flow simulation using Discrete Event Simulation (DES). DES is as the well-known traditional approach to catering the problems regarding the queuing system and run simulation models on the different traffic scenarios for bottleneck analysis. The lower values for the cumulative average all the parameters indicated the traffic congestion is decreased and to avoid the traffic jam. The experimental results and statistical analysis showed that the proposed simulation model S2 and S3 for vehicular traffic flow is better than the current traffic flow system S1. It can be summarized that model 3 (S3) can be applied to the new vehicular traffic flow system with the better simulation results has been produced from the experimental simulations.
I. INTRODUCTION
Nowadays, most of the cities all over the world share at least one common problem, traffic flow that is causing congestion due to the numbers of vehicles continuously growing [1] . It is portrayed by slower speeds, longer excursion times, and expanded vehicular queueing. The main reason why traffic congestion occurs is due to the increasing number of vehicles, poor road management, and poor practices of the car pool. Thus, the major causes due to the increment on the number of vehicles because of road capacity. The major issue is traffic congestion in which a decisive problem is happening on roads that full of vehicles and buses caused the traffic busy. The traffic congestion occurs during the peak hours because of a lot of vehicles on the road at this time (usually in the morning and evening which is the working or office hour).
Therefore, the research question is how to build an efficient traffic flow system with simulation model in order to reduce congestion in real scenario? Discrete Event Simulation (DES) found as a suitable technique to simulate this problem. In order to have an improved model, Arena Simulation Tool has been used to simulate the traffic flow problems as described above. The model corresponds to a system that depends on a series of sequential condition where the state of the system for each event changes in discrete time [2] .
Thus, a simulation model is able to create visual demonstration for future scenarios attractively [1] . The experimental data has been analysed to validate and verify the proposed solution in order to reduce traffic congestion. Therefore, this paper focuses on improving the traffic congestion by investigating the potential alternative routes as a new proposed vehicular traffic systems This may lead in decreasing the traffic congestion so that, the flow of the traffic are very smooth. Several measurable objectives should be accomplished with a specific end goal to fulfil the motivation behind this exploration which is to identify the potential alternative road. The second aim is to have an improved traffic flow simulation model using DES. This paper also focused on the analysis of simulation models for the different scenarios of the vehicular traffic flow systems.
The outlines of this paper as follows. The first section is the introduction of research study. Section 2 describes the related works from the previous researcher including the techniques for the simulation model, the methodology of this study consists of the project scope and the traffic flow simulation model. Section 3 describes background of research work and focused on the case studies and three different scenarios; three scenarios is compared with respect to the characteristics. The next section discussed about the finding; experiment and result. The elements of analysis and discussion have been discussed in section 5. This paper ends with a discussion of the comparison results and concluding described in Section 6.
II. RELATED WORKS

A. Literature Review
A traffic analysis tool that been used in the sector of transportation has become progressively more popular. The reason for the development of traffic flow simulation software is because of the requirement to model and study the operation of traffic dynamic. This operation is related to a complex transportation system under congested condition. However, a diversity of practices on how the simulation should be used need to be respected despite the widespread role of traffic simulation software. The application of simulation models for investigating traffic analysis problems can be used to aid in the consistent and reproducible application.
The study is appropriate to overarching focus on existing and future alternatives analysis, which further supports the credibility of the simulation tools. Therefore, the model approach to cater this problem represent in three primary ways that are listed beneath. The queue theory based approach model is as follow; Microscopic, Macroscopic and Mesoscopic model. This paper focuses on the microscopic model with the discrete element of simulation model; time, space, and state. The model even static or dynamic is based on the discrete or continuous main element for the simulation model. The characteristic of model is either stochastic or deterministic. Based on the DES model, it is dynamic model and randomized which is consisting of Mathematical equations; this is category of stochastic modelling.
B. Modelling Techniques
The foremost step to understand is the theory of traffic flow model; firstly, understand the system development itself. Therefore, theory of traffic flow refers to variables of speed, flow, and immersed in a loose-flowing network. The relationship is mainly about the interrupted traffic flow on the road, either with freeways or expressways. In order to simulate the changes or new plan for the vehicle traffic flow, a simulation model with the proposed technique is needed (potential alternative routes). This research work describes the proposed simulation modelling technique; DES has been chosen which a top-down model design approach is.
The first responsibility of a network to model the traffic flow is determining the routes from the origin to the desired destination. This is to distinguish the shortest path that can be used to reduce the time taken during the journey. All of the traffics are specify to the shortest path between each pair or dispense it across all reasonable routes between each pair approximately are two main possibilities in terms of travel time. Normally in this situation, assign to the shortest routes where congestion is significant are chosen. In other words, modelling process depends on objectives of what are the people pursuing.
Thus, traffic assignment, congestion shockwave, and bottleneck are one of the traffic flow factor affecting on traffic congestion. The phase involved in order modelling traffic assignment in the traffic flow, as follows; generating, distribution, model split or mode choice, and then the routing task [2] . The objective is to find maximum roadway capacity using the shortest possible time to get to their destination using vehicles [3] . The experiments focused on the simulation performance to be compared and the difficulties as well using the same technique; DES. The simulation relates to all the scenarios of modelling the traffic flow using DES models [4] [5] . The hypothesis for the proposed modelling approach could be used as a basic for the analysis of different control policies. This is because DES is justified by the researcher the it is most appropriate method of simulation in order to modelling the traffic flow as it able to predict which are the routes those are appropriate to achieve the objective of the research [6] [7] . To insight will be obtained by the traffic flow issues, observation of a number of vehicles and the traffic light has been done, and the data collection was conducted for two months. There are three phases conceptual model development for DES as follows; the first phase started which is move to the next chronological event [8] . Then, the second phase is executing all events that occur unconditionally. And last one as the third phase is Eventbased approach as an improvement; use of computer resources more efficient[9] [10] .
C. Scope of Project
The scope of project focuses on the main road in Kuantan and will be described in section 4. The scope for the user is the user need to understand system performance based on key metrics such as costs, cycle times, equipment utilization and resource availability. The process of evaluating the potential alternative route is to determine the best approach to optimizing performance. Other than that, the model visualizes results with 2D and 3D animation with the simulation tool. Then, it creates models to depict a better way of carrying out the traffic flow using specific processes. The last one is predicting a new design or system's performance, response time, and bottlenecks during the peak hours. The cover area for the research work can be reviewed in the Fig. 1 as follow. 
D. Traffic Flow Congestion Model
A variety of observational and theoretical approach has been used to model the current system of this vehicular traffic flow [11] . Normally, the traffic system is assigning with the shortest routes and caused the congestion to happen [12] . Thus, traffic assignment, congestion shockwave, and bottleneck one of the traffic flow factor affecting on traffic congestion. Congestion shockwaves difference depends on the upstream traffic flow and density for propagation length [13] . Speed, flow, and density of traffic streams can lead to form traffic bottleneck which known as shockwave due to the propagation of congestion upstream [14] [15] . Therefore, congestion is caused when the volume of traffic exceeds road capacity. In other words, the need of modelling process is depending on objectives of what are the people pursuing and simulation model able to have an improved system for vehicular traffic flow to avoid congestion [16] .
E. Background of Study
This work emphasized the importance to the case study which has been included to summarize the normal and improved traffic flow model using simulation technique of DES [17] . A simulation model has been developed to overcome the problem of crisscross and congestion traffic flow. In other hands, it is to achieve the goal of having a new route as the predictive strategy in order to avoid congestion and to report a smooth traffic flow. The simulation methods are accomplished by utilizing a contextual investigation approach that been led in the city of Kuantan, Pahang, Malaysia as a case study as depicted in figure 1 .
F. Case Study Description
Normally, DES is about undetermined events that happen in a structure of data, which known as event queue. A number of characters involved, and it is very hard to analyze, manipulate, and improve the traffic system. The deterministic queuing model is a method that amongst the most widely used. It contains the event patterns might include arrival and departure of the vehicle in queuing discipline. Each item contains a timestamp and an integer or string at the minimal level. These types of events are used to compile statistical information or terminate the simulation because some of it does not affect the model state.
Therefore, the capability of DES is to model traffic flow is necessary to carry out in this case study, which can reduce traffic congestion. In addition, research design is about the technique used to extract exact information and collect the data from respondents. It is important to deliver the case study with different scenarios to gather all the types data that are relevant. Moreover, the purpose of this work is to investigate the potential alternative routes for bottleneck analysis that can improve the traffic congestion. The case study for the traffic flow simulation is based on these circumstances as below.
The vehicles reach an intersection, it will either drive through after traffic light turn to the green indicator or it will be at a queue state. There are three case studies based on three different scenarios. S1 for model 1 is the current traffic flow system. S2 for model 2 and S3 for model 3 is the new proposed model for the traffic flow. The new models proposed in order to have a prediction for a smooth traffic flow to avoid the congestion especially at the intersection. The method is changing the two-way to one-way traffic flow for some intersection which happen congestion most. The main purpose to redesign the traffic flow for this scope area is because of avoiding the traffic jammed or so called the congestion at the critical time.
The scenario 1 indicates of the case study which covers the area which is located in Jalan Mahkota, Kuantan, Pahang; along 2.51 km but in three different scenarios. Thus, the average time for the vehicles to leave the intersection takes up to 3 seconds from the real observed. That is why it is fixed to 3 seconds as a service rate for the vehicle to take off Fig.2 depicts the actual model of traffic flow cause traffic congestion due to the intersection because of one-way flow. Thus, there are parts where the vehicle comes from the three different streams of the road that will lead to traffic congestion. Input parameters of an arrival time, λ for vehicles to enter the intersection are created based on Poisson distribution probability theory and statistic. Therefore, mean of waiting and delay time are being used to measure the performance of traffic flow. Fig. 3 presenting a new suggested traffic flow model as scenario 2 (S2) at the same location same as in figure 4 for scenario 1. It was designed to overcome the intersection problem that occurs during traffic congestion. The proposed method is by changing the traffic flow that has been shown in Model 2 (S2) as illustrated in Fig. 3 and Model 3 (S3) as depicted in the Fig. 4 respectively. This is the second case study; the vehicles entering the three destinations at the same time. Basically, this type of traffic flow is known as two-way flow system. The model 2 for scenario 2 describes the three different destinations at the same time (arrival). The third case study is based on the vehicles entering the four destin ations at the same time as depicted in Fig. 4 with four different destinations at the same time (arrival). This simulation model also related to the two-way traffic flow system. This suggested traffic flow model as a predictive solution to overcome the issues of the congestion and bottleneck. This approach can be applied to reduce the congestion traffic flow as to have a low density of vehicular traffic flow system.
III. FINDINGS
The hypotheses that can be made before the analysis of experimental results produces are as follow; if the waiting time is decreased, then the number of traffic congestion is also decreased. Secondly is regarding the number of vehicles in the queue is decreasing, then the number of traffic congestion is decreased. Then, if the throughput is increase, the number of traffic congestion is decreased. In conclusion, to reduce the traffic congestion and the vehicular traffic flow is in low density, the value of throughput is increase, so the waiting time and the total of vehicles in queue should be decreased as well.
A. Experiment
Based on the hypothesis above, the bottleneck of traffic congestion can be reduced or minimize by controlling the parameters. The parameters calibration such as the waiting times, the number of vehicles in each queue, and the throughput. However, before conducting the experiments, the parameter that is fixed are the number of the vehicles, a number of the traffic light, and the area that been covered. The simulation model for vehicular traffic flow is focused in two hours (observed) for the peaks hours and the experiments has been repeated for fifteen times to obtain the better results.
B. Result
The simulation models consist of the vehicle arrival process, and the number of traffic light as the resource. The traffic flow for this simulation models are one-way flow (current traffic flow as in figure 4 ). Each model uses the same input of parameter values as described as follows. The arrival and movement of the vehicles observed in the real system and illustrated it. Therefore, the arrival rate for the vehicles is defined with an exponential distribution which is the rate is changed hourly from the simulation model. The Table 1 shows the pattern of arrival is used because it mapped and match with the collected real data. The vehicles will move from the queue (the light turns red for the sign of stop) of a traffic light after waiting for 10, 30, and 60 seconds as presented in Table 2 .
The interval time for the vehicles at traffic light related to the data obtained from the real system based on the three types which are minimum, mode, and maximum of interval times. Its takes two hours based on the peak hours of traffic congestion. Traffic light service time is changed between 10, 30, and 60 seconds. In addition, the vehicles will leave the traffic light's queue after waiting for 10, 30, and 60 seconds as described the table 2. The time for the traffic light to hold the vehicles are defined through the data gathered from the real system based on the minimum, mode, and maximum service times as the interval time for the traffic light to hold the vehicles in queue. Table 2 shows the result for the model of scenario 1 as S1, scenario 2 as S2 and scenario 3 as S3 which are the vehicles waiting time. S1 is about 1.73 minutes and the rest of result as shown in table 4 for the cumulative average of the traffic light. The value for this parameter of interval time is same for these three scenarios. In addition, the number of the vehicles in queue is 103 for all the traffic lights on the routes for S1 and the rest as in the table below. The traffic light utilization was investigated and the result shows that the cumulative average for traffic light's utilization is 46.67% for S1 and the result for S2 and S3 as shown below. Table II . Cumulative average for S1, S2, and S3 This is show that the result based on the number of cumulative averages of scenario 2 as S2 for model 2 is decreased compared to model 1. This experimental result shows that the model 3 for scenario 3 is decreased compared to model 1 and model 2. The lower values for the cumulative average of each parameter indicated the traffic congestion is decreased and this situation is to avoid the traffic jam. It can be summarized that model 3 can be applied for the traffic flow systems and have the better simulation results which have been produced as above. It is based on the experimental results in order to validate and verify the best model to simulate the vehicular traffic flow from the congestion issues. Based on the simulation models for the three different scenarios, it can be summarized that all the hypotheses has been proved are parallel with the experimental results. The parameters of car waiting time, number of queue and the traffic light's utilization have been selected as the performance measures. The experimental results in the experiments as model one to three for each scenario has been gathered and compared using the same technique of DES model. Compared to the hypotheses and results that have been stated above, it clearly shows the hypothetical proposition; H0 1→R0 1 and H0 2→ R0 1. The first and second hypotheses provided the same result. If the waiting time of traffic light for each vehicle decrease, then the traffic congestion also decrease and low density of traffic. Similarly to the second hypothesis, that the less the number of vehicles in the queue, then the less traffic congestion.
IV. ANALYSIS AND DISCUSSION
The statistical graph approach is adopted for these experiments in order to discuss the comparison results. The graphs are plotted to measures the proposed model of DES of the different models for three scenarios. During the development phase of the basic simulation models for DES, the activities of verification and validation process is performed. Black box validation is a good representation by referring to traffic light utilization and the waiting time of vehicles results comparison has been used for the first validation process of the real system. It is based on the simulation results from simulation model. The results compared in terms of quantities with the real system results. The simulation models are terminated after peak hours. Thus, the run of simulation models same like the real operation time which is within two hours. Then, the second validation process is the sensitivity analysis, so it is demonstrating simulation models which is close correspondence in the median of the traffic light serving utilization and vehicles waiting time. The experimental result for model 1, 2, and 3 has been shown in the Fig. 5 . This data is from the replication of the simulation for 15 times. Model 3 (S3) shown the result as the lowest one as minimum number of waiting time for the vehicles at the traffic light compared to Model 1 (S1) and Model 2 (S2). This is show that model 3 (S1) is better than model 2 (S2) followed by model 1 (S1) as the current model. Furthermore, the number of queues for the vehicles at the traffic light for model 3 (S3) is also lowers than the current model. Next one is the utilization traffic light in model 3 (S3) also recorded as the lowers percentage than the model 1 (S1) or model 2 (S2). The hypotheses and the experimental results reveal the same and true agreement.
V. CONCLUSION
In conclusion, modelling the vehicular traffic flow begins to identify the reasonable routes between each origin path to the destination. Therefore, DES is as a proposed technique as the most appropriate analysis approach to develop a traffic flow simulation. This is because traffic simulation enables to conduct significantly to various programs that using DES. It can be observed from the study of DES that the module target requires more reasonable and descriptions that are precise are more suitable for this research. DES often used because the approach is to settle the queuing problem based on the queue theory.
In addition, DES is a broadly useful technique to model a complex framework containing mixed types of traffic. It is important to identify the weakness in the overall system design to alleviate system bottlenecks by identify weakness within the design. Besides, the capability to model complex framework represent by discrete events, and the skill to estimate performance parameters and measures are one of the advantages using DES. This is because DES commonly used for the analysis of reliability and maintenance improvements.
There are three types of scenarios are carried on in order to form Model 1 (S1), Model 2 (S2), and Model 3 (S3) are focused. It is to compare the result of simulation and obstacle in modelling DES. The results between Model 1, which is the current system, compared with Model 2 and Model 3, which are the proposed and improved models. Based on the simulation results, the waiting time, number of vehicles in queue, and throughput are the important parameters to classify the characteristics of the traffic flow to reduce bottleneck congestion situation (traffic flow).
From S1, S2, and S3, it is shown the minimum number of waiting time for the car at the traffic light, the number of queues for the car waiting at the traffic light, and the percentage for utilization traffic light were much lower than the other scenarios which is S1 and S2. Parameters are one of the methods to distinguish the performance of the traffic light whether the traffic congestion is reducing or not. Thus, the point of the exploration depicted which is to investigate the potential alternative routes for bottleneck analysis that can improve the traffic congestion. It is proved that model 3 (S3) can reduce the traffic congestion from the experimental results analysis.
